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Summary
Objective: The STR/ort mouse strain develops osteoarthritis (OA) of the medial tibial cartilage whilst CBA mice do not develop this disease.
We investigated whether changes occur in the expression of genes encoding major extracellular matrix proteins in the connective tissue of
the murine knee joint in OA.
Design: Expression of the genes encoding collagens II (Col21), X (Col101), 2(XI) (Col112) and aggrecan (Agc) was detected in
skeletally mature and immature male mice of the CBA and STR/ort strains by in situ hybridization.
Results: Col21 was expressed by chondrocytes of the tibial and patella–femoral cartilage and by the meniscal cartilage in all young mice
(4–9 weeks) but only in the patella–femoral cartilage in older mice of both strains (36–45 weeks). In contrast Col21 was expressed by
growth plate chondrocytes of both species at all ages. Similarly, Col21 transcripts were detected in cruciate ligament cells in both strains
at all ages. Col101 transcripts were detected in cruciate ligament cells in both strains at all ages. Col101 expression was evident in the
hypertrophic chondrocytes in the growth plate of young CBA and STR mice, but was not active in these cells in mature animals. However,
Col101 was transcribed in articular chondrocytes of the tibia, meniscal and patella–femoral cartilages of all ages, in normal and
osteoarthritic mice. Transcripts were also present in ligament of some mature animals. Col112 followed a similar pattern of expression in
CBA cartilages to Col21, being active in adult growth plate but generally inactive in adult articular cartilages. Young CBA and STR/ort mice
expressed Col112 in articular cartilage and very strongly throughout the growth plate. Agc expression was detected in all articular cartilages
at all ages in both strains. Interestingly, transcripts for all four genes were absent in tibial articular chondrocytes located close to osteoarthritic
lesions in STR/ort mice, indicating that these cells are unable to synthesize matrix proteins. Adult STR/ort mice also showed evidence of
tissue remodeling around the periphery of the knee joint. Cells in remodeling areas actively transcribed Col21, Col101, Col112 and Agc.
Conclusion: It is unlikely that OA develops in STR/ort mice because of failure to express major proteins in joint tissue. However, once lesions
develop in articular cartilage neighbouring chondrocytes fail to express genes encoding several matrix proteins. © 2002 OsteoArthritis
Research Society International
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The extracellular matrix of articular cartilage determines its
functional properties. A network of collagen fibres provides
stiffness and tensile strength and entraps the large aggre-
gating proteoglycan, aggrecan1,2. Aggrecan is responsible
for the osmotic swelling capacity and thus the compressive
properties of cartilage3. Failure of the matrix leads to
the destruction of the articulating surfaces and the
development of osteoarthritis (OA).
The major collagen in articular cartilage is collagen II.
Studies have shown that in normal articular cartilage the
turnover of collagen II is very slow4,5. However, in osteo-
arthritic cartilage the rate of turnover is increased and
investigations using immunoassays and immunohisto-51chemistry have shown increased collagen type II break-
down products4,6–8. Matrix metalloproteinases (MMPs)
have been implicated in this breakdown and these
enzymes are known to degrade aggrecan and the minor
cartilage collagen, type XI9. Collagen XI, although only
responsible for a few percent of the total collagen in the
tissue, is an integral component of cartilage collagen fibrils
and is thought to have a role in influencing the thickness of
cartilage fibres10,11. Collagen XI molecules also cross-link
to each other and to collagen II and this may be an
important factor in maintaining the collagen network12.
Collagen X, a non-fibril forming collagen, is synthesized by
hypertrophic chondrocytes of the growth cartilage, preced-
ing the onset of endochondral ossification during bone
formation. It is a major extracellular matrix component in
the hypertrophic zone of the growth plate and is not usually
expressed by other types of chondrocytes13. However,
collagen X has also been found in the deeper zones of
murine articular cartilage as well as at the surface of adult
human and porcine cartilage14,15. Collagen X associates
with fibrils of collagen II16 and is abundant in the pericellular
environment of hypertrophic chondrocytes17, suggesting a
role in maintaining long term cartilage function. Because
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PREPARATION OF KNEE JOINTS
A group of five skeletally mature CBA mice (36, 41, 42,
45 and 50 weeks of age) and another group of six STR/ort
mice of similar age (35, 37, 41, 42, 44 and 50 weeks) were
killed by cervical dislocation and the knee joints prepared
for paraffin sectioning. These were compared with a group
of younger mice (CBA, 4, 4 and 9 weeks; STR/ort 8 and 8
weeks). Briefly, the skin was removed from the legs and the
knee joints dissected out with the associated muscle.
Tissues were fixed in 4% paraformaldehyde in PBS. Fol-
lowing decalcification in EDTA and dehydration through
a series of graded alcohols, tissues were immersed in
toluene, toluene:wax mix, and paraffin wax, as described
by Wilkinson and Green28. Blocks were serially sectioned
at 6 m.PLASMID PROBES
Several plasmid probes were used to produce ribo-
probes for the different molecular markers. These have
been described in previous reports, as follows: (1) Col21:
pNJ61, a Col21 gene probe which detects both types IIA
and IIB mRNA29,30. (2) Col101: pRK26, is a 0.35 kb
cDNA of the mouse Col101 gene spanning part of the
C-propeptide encoding region and 3′ untranslated region,
as described by Kong et al.31 (3) Col112: pM3B1, a 1 kb
BamHI genomic fragment containing exons at the 3′ end of
the gene32. (4) Aggrecan: pNJ62, a 0.8 kb cDNA fragmentof the rat aggrecan gene, covering nt 4874 to 5708 and
homologous to the mouse gene33.IN SITU HYBRIDIZATION
The procedures for synthesis of [35S]-UTP-labeled ribo-
probes, in situ hybridization, autoradiography, and histo-
logical staining have been described previously in detail by
Ng et al.30 and Cheah et al.34. Single stranded [35S]-UTP
labeled sense and antisense riboprobes were generated
from the various plasmids above as described previously29.
In situ hybridizations were carried out on adjacent sections
from the knee joints studied to facilitate comparison of the
expression patterns. Between 5–15 sections were exam-
ined for each probe for each knee joint. Expression pat-
terns were examined under both dark field and bright field
illumination. Photographs of the sections were taken on an
Olympus Provis microscope using Ilford FP4 plus 125 film
and dark illumination and Kodak 25 film for bright field
images.IMMUNOHISTOCHEMISTRY
5 m sections were dewaxed in xylene and rehydrated
through an alcohol series and in phosphate buffered saline
(PBS). They were then incubated with 0.2% bovine testicu-
lar hyaluronidase (type IV-S, Sigma) in PBS for 40 min at
room temperature. After washing in PBS, endogenous
peroxidase activity was blocked by 3% hydrogen peroxide
at 37°C for 25 min followed by a PBS wash. The sections
were then immunostained for type X collagen using the
Vector Laboratories ABC kit (California, U.S.A.) against
rabbit IgG and a rabbit polyclonal antibody to collagen X
diluted 1 in 40035. Staining for collagen X was visualized
using 0.1% diamino benzidine (Dako) containing 0.2%
hydrogen peroxide with a development time of 2–10 min.
The reaction was stopped by washing with tap water. The
sections were then counterstained with hematoxylin and
mounted.Table I
Histological OA grades
Grade Osteoarthritic damage
0 No damage
1 Roughened articular surface and small fibrillations
2 Fibrillation down to the layer immediately below the
superficial layer (zone 2) and some loss of surface
lamina
3 Loss of surface lamina and fibrillations extending down
to the calcified cartilage
4 Major fibrillations and cartilage erosion down to
subchondral bone
5 Major fibrillations and erosion of up to 80% of the
cartilage
6 Greater than 80% loss of cartilageResults
All the mice in this study were graded for histological OA
as described by Chambers et al.36 (Table I). CBA mice of all
ages studied were histologically normal (grade 0) as
expected. The 8-week-old STR mice were also grade 0 and
the 35-, 37-, 41-, 42-, 44- and 50-week old STR mice werecollagen X has been observed around proliferating and
mature chondrocytes in the upper and middle zones of OA
cartilage as well as in areas of osteophyte formation,
its presence may reflect a role in the osteoarthritic
process18–21.
In comparison to collagen, aggrecan is turned over
rapidly in normal cartilage22. The rate of proteoglycan
synthesis has been shown to be increased in osteoarthritic
cartilage23. However, a net loss of proteoglycan is seen in
OA24. This is thought to be due to increased activity of
proteolytic enzymes including serine proteinases, matrix
metalloproteinases and aggrecanase9. The products of
aggrecan catabolism by these enzymes have been dem-
onstrated to be present in human osteoarthritic cartilage25.
The composition of the extracellular matrix and bio-
synthetic activity in the cartilage of the joint may influence
the osteoarthritic process. To assess gene activity in the
normal and osteoarthritic joint, we have used in situ hybrid-
ization to investigate the pattern of expression of genes
encoding collagens II (Col21), X (Col101) and 2(XI)
(Col112), and aggrecan (Agc) in the connective tissue of
the knee joints of CBA mice, which do not develop OA, and
in age- and sex-matched STR/ort mice, which spon-
taneously develop the disease26. The majority (85%) of
male STR/ort mice develop histologic lesions of OA in the
medial tibial plateau by 35 weeks of age. The lateral tibial
cartilage also develops OA lesions but of a lesser severity
and later onset. The lesions closely resemble those seen in
OA of the knee in humans27. This model therefore enabled
us to study gene expression before and after the develop-
ment of overt histological lesions of OA in articular carti-
lage, meniscus, growth plate, and ligament and in the
cartilages forming the articulation between the femur and
patella.
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that the OA lesions found in the medial tibial plateau were
highly localized and did not extend throughout the whole of
the plateau26. The distribution of transcripts for several
cartilage collagens and aggrecan in the articular cartilage,
meniscus, growth plate, ligament and patella–femoral
articulation was examined in young and old mice by in situ
hybridization. Figure 1 shows a low power overall view of
the whole mouse knee joint and views of the patella–
femoral articulation and the anterior cruciate ligament for
anatomical identification of these tissues. The sections
were probed by in situ hybridization for Col21 mRNA (light
to dark brown signal over cells) [Fig. 1(a), (c), (d)]. In all
cases where positive signal was observed with an anti-
sense probe, the corresponding sense probe showed
no hybridization [Fig. 1(b)], confirming the transcripts
detected were specific. The sense probes for the other
collagen mRNAs and for aggrecan mRNA also showed no
hybridization.YOUNG MICE (4–9 WEEKS)(i) Articular cartilage
There was no differences in the distribution of transcripts
for Col21, Col112 and Agc in the 4- and 9-week CBA
mice. All were found throughout the full depth of both
medial and lateral tibial articular cartilages as shown in
Fig. 2(a), (e), (f). Col101 expression was confined to the
calcified cartilage in the 4-week-old CBA mice [Fig. 2(c)]but interestingly in the 9-week-old mouse mRNA was found
additionally throughout the depth of the articular cartilage
[Fig. 2(d)]. The patterns of expression for Col21 [Fig. 2(b)]
and Agc (data not shown) in the 8-week-old STR/ort mice
were similar to that in the young CBA mice. Col112 signal
was also detected but this was weaker than in the CBA
mice (data not shown). Col101 expression was the same
in the STR/ort mice (data not shown) as in the 9-week-old
CBA mouse.(ii) Meniscus
Both CBA and STR/ort mice expressed Col21 [Fig. 2(a),
(b)] and Agc in the hyaline cartilage of the meniscus [e.g.
Fig. 2(f)]. Col112 was also expressed in meniscal cartilage
in CBA mice [Fig. 2(e)] but was not detected at this site in
the STR mice (data not shown). A strong signal for Col101
was detected in areas of calcification in both strains of mice
[e.g. Fig. 2(c)]. Additionally Col101 was expressed in the
hyaline cartilage of the meniscus [e.g. Fig. 2(d)].Fig. 1. Tissues of the murine knee joint. (a), (b), Low power view of the knee joint of a 4-week-old CBA mouse; (c) anterior cruciate ligament;
(d), patella–femoral articulation. All sections were stained with haematoxylin and eosin and were probed by in situ hybridization for
expression of Col21 (A, C, D, antisense probe; B, sense probe). Sections were viewed by bright field illumination. Positive signal is shown
by light to dark brown staining in articular cartilage (AC) of the tibia and femur (F), in the tibial growth plate cartilage (GP) and in the hyaline
cartilage of the meniscus (M) (frame A). Signal in the ligament (L) in frame A is only seen under higher power (frame C). Signal is also present
in the articular cartilages of the patella–femoral articulation (frame D). No signal is present in control sections hybridized with a sense probe
(frame B).(iii) Growth plate
All four genes were expressed in the growth plate of both
CBA and STR/ort mice. The Col21 and Agc genes were
co-expressed throughout the depth of the growth plate [e.g.
Fig. 3(a), (b)]. Col112 mRNA was expressed strongly in
the CBA and STR/ort growth plate [e.g. Fig. 3(c)]. Tran-
scripts were mainly confined to the upper two thirds of
54 M. G. Chambers et al.: Expression of collagen and aggrecan genes in murine knee jointsFig. 2. Expression of genes encoding cartilage matrix proteins in young mice. Expression of (a) Col21, 9-week CBA mouse; (b) Col21,
8-week STR/ort mouse; (c) Col101 in calcified cartilage of tibial plateau and calcifying meniscus of 4-week CBA mouse; (d) Col101 in tibial
articular and calcified cartilages of 9-week CBA mouse; (e) Col112 in 9-week CBA mouse; (f) Agc in 9-week CBA mouse. Dark field
illumination. Light areas are due to in situ hybridization signal. Original magnification ×50. AC=articular cartilage; CC=calcified cartilage;
M=meniscus; CM=calcifying meniscus.Fig. 3. Expression of genes encoding cartilage matrix proteins in the growth plate of 8-week STR mouse. Expression of Col21 (a) and Agc
(b) was detected throughout all zones of the growth plate. (c) Col112 was expressed in the upper zones of the growth plate but not in the
hypertrophic zone. (d) Col101 was expressed in the hypertrophic zone but not in the upper zones. Similar patterns of gene activity were
seen in 4- and 9-week CBA mice. Dark field illumination. Original magnification ×50.
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hypertrophic zone. Col101 was expressed only in the
chondrocytes of the hypertrophic zone in both strains of
mouse [e.g. Fig. 3(d)].(iv) Ligament
A strong signal was detected for Col21 mRNAs in the
ligament in CBA and STR/ort mice [e.g. Fig. 4(a)]. Agc [Fig.
4(b)] and low levels of Col112 signal [Fig. 4(c)] were
detected in CBA ligaments but not in STR/ort. Col101
transcripts were not found in this tissue in either strain of
mouse.(v) Patella–femoral articulation
Col21 [Fig. 5(a)] and Agc (data not shown) mRNA were
found in the hyaline cartilage and calcified regions of the
patella–femoral articulation of CBA mice. Col101 tran-
scripts were restricted to the calcified areas [Fig. 5(b)]. In
contrast, although there was strong signal for Col21 and
Agc mRNA in the hyaline cartilage and calcified cartilage of
this region in the STR/ort mice [e.g. Fig. 5(c)], transcripts
for Col101 and Col112 were not detected in this strain
(not shown).OLDER MICE (36–50 WEEKS)
Similar comparisons to those made in young mice were
made in older CBA and STR/ort mice (36–50 weeks). InSTR/ort mice gene expression was investigated in areas of
articular cartilage with OA lesions and in areas free of
lesions.(i) Articular cartilage
In contrast to young mice Col21 transcripts were not
detected in older mice (data not shown). However, Col101
mRNA was detected throughout the depth of the medial
and lateral tibial articular cartilages in the 41-, 42- and
45-week-old CBA [e.g. Fig. 6(a)]. In comparison, in old
STR/ort mice Col101 expression was confined to normal
areas of the OA prone medial tibial cartilage [e.g. Fig. 6(b)].
Expression was not detected in the lateral tibial cartilage.
The presence of collagen X protein in the articular cartilage
of older mice was confirmed by immunohistochemistry
[Fig 6(c), (d)]. Col112 mRNA was not detected in the
articular cartilage of either strain of older mice. However,
there was strong signal for Agc mRNA throughout the depth
of the medial and lateral tibial cartilages in both strains [e.g.
Fig. 6(e)]. It is noteworthy that neither collagen X or
aggrecan mRNAs were detected in chondrocytes immedi-
ately adjacent to moderate (e.g. grade 3) and severe (e.g.
grade 4) OA lesions in the medial tibial cartilage of STR/ort
mice [e.g. Fig. 6(f)].Fig. 4. Gene expression in ligaments. (a) Col21 expression in 9-week CBA mouse. Similar expression was seen in 4-week CBA mice and
in 8-week STR/ort mouse. Agc (b) and Col112 (c) expression in 9-week CBA mouse. 4-week CBA mice showed a similar pattern of gene
activity. Young STR/ort mice did not express Col112 and Agc in ligament. Col21 (d), Col101 (e), Col112 (f) and Agc (g) in the 37-week
STR/ort mouse. Dark field illumination. Original magnification ×50.(ii) Meniscus
There were no differences in the expression of the four
genes studied in the meniscus of older CBA and STR/ort
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this tissue. The Col101 and Agc genes were co-expressed
in the hyaline cartilage and the calcified regions [e.g.
Fig. 6(a)].(iii) Growth plate
Older CBA and STR/ort mice expressed mRNA for
Col21, Col112 and Agc throughout the full depth of the
thin growth plate present at this age (data not shown). In
contrast to the articular cartilage of older mice Col101
transcripts were not expressed in the growth plate in either
strain at this age.(iv) Ligament
All older CBA and STR/ort mice expressed mRNA for
Col21 in ligament [e.g. Fig. 4(d)]. The level of expression
of Col101 was variable in both strains of mice. For
example whilst strong signal was found in the 35- and
37-week-old STR/ort mouse [Fig. 4(e)], lower levels were
present in the 41-, 42- and 45-week-old CBA mice and 42-
and 44-week-old STR/ort mice. Transcripts were not
detected in the 36-week-old CBA and 41-week-old STR/ort
(data not shown). Only the 37-week-old STR/ort mouse
expressed mRNA for Col112 in ligament [Fig. 4(f)]. Agc
hybridization signal was detected in the ligament of 41- and
45-week-old CBA mice and 37- and 44-week-old STR/ort
mice [e.g. Fig. 4(g)].(v) Patella–femoral articulation
Sections containing the patella–femoral articulation in
CBA mice were only obtained in the 41- and 45-week-old
mice. Col21 and Agc mRNA expression was seen in both
mice (data not shown). Col101 mRNA was detected only
in the 41-week-old mouse and not in the 45-week-old
mouse. Neither mouse expressed detectable levels of
Col112. The STR/ort mice expressed Col21, Col101
and Agc in this region [e.g. Fig. 7(a)] but not Col112.(vi) Areas of joint remodeling
In the older STR/ort mice there were areas around the
periphery of the joint where strong signals were detected
for all the genes studied. Interestingly, Col21 [Fig. 7(b)]
and Col112 (data not shown) were expressed prominently
in these areas even though, as noted above, they were not
expressed in the adjacent articular cartilage [e.g. Fig. 7(b)].
These areas which were not present in either CBA or young
STR/ort mice could represent areas of joint remodeling.
Figure 8 summarizes the expression patterns of Col21,
Col101, Col112 and Agc in the various tissues of the
knee joint in young and old CBA and STR/ort mice.Fig. 5. Gene expression in the patella–femoral articulation ofyoung mice. (a) Col21 expression in the hyaline and calcified
cartilage of a 4-week CBA mouse. Similar patterns of expression
for Col21 and Agc (not shown) were observed in 9-week CBA. (b)
Col101 expression in the calcified cartilages in a 4-week CBA
mouse. Similar expression was seen in the 9-week CBA mouse.
Col101 was not detected at this site in the 8-week STR/ort
mouse. However, Col21 (c) and Agc (not shown) were expressed
as strongly in 8-week-old STR/ort mouse as in young CBA mice.
Dark field illumination. Original magnification ×50. AC=articular
cartilage; CC=calcified cartilage; F=femur; P=patella.Discussion
In this study we have used in situ hybridization to
investigate the expression of transcripts for aggrecan
(Agc) and collagens II (Col21), X (Col101) and 2(XI)
(Col112) in knee joints of both normal (CBA) and osteoar-
thritic mice (STR/ort). Chondrocytes of normal adult human
articular cartilage are phenotypically similar to foetal
chondrocytes of the epiphyseal growth plate, in that they
express aggrecan and the same pattern of collagens: types
II, IX, X, XI and VI15,37–39. We found that in young skeletally
immature mice of both strains that there was transcription
of Col21, Col101, Col112 and Agc in the tibial articular
Osteoarthritis and Cartilage Vol. 10, No. 1 57Fig. 6. Expression of collagen X and aggrecan in medial tibial articular cartilage of old mice. (a) Col101 expression in a 41-week CBA
mouse. Similar expression was detected in other old CBA mice. (b) Col101 expression in 37-week STR/ort mice. The 41- and 44-week
STR/ort mice showed a similar expression pattern. Collagen X protein immunostaining in 50-week STR/ort (c) and CBA (d) mice. Positive
stain is seen as brown coloration in the extracellular matrix of the cartilage. (e) Agc expression in intact medial cartilage of a 41-week STR/ort
mouse. (f) Medial cartilage from the same animal as panel (e), but showing an OA lesion and absence of aggrecan gene activity in
chondrocytes adjacent to the lesion. Similar patterns of Agc expression were seen in intact and damaged tibial cartilage in 41-week and other
old STR/ort mice. Dark field illumination (a, b, e, f); light field illumination (c, d). Original magnification ×50. AC=articular cartilage;
M=meniscus; L=OA lesion.cartilage. This is in agreement with previously published
work14,40.
Col112 mRNA was detected in all cartilaginous tissues
in young CBA mice. Transcripts for this gene were detected
in young STR/ort cartilage but the signal was very weak
compared to that seen in the CBA strain. However strong
signal for Col112 was present in the growth plate of the
same STR/ort sections. Collagen XI is implicated in the
regulation of cartilage collagen fibril diameter and in
crosslinking the fibrils10–12. Mutations in COL11A2 results
in chondrodysplasia in humans41. There are very few
reports of Col112 expression in either normal or osteo-
arthritic human cartilage, although it has been shown that
homogenates of osteoarthritic human cartilage are capable
of degrading exogenous collagen XI42. This degradative
activity was proposed to be due to the activity of gelati-nases (matrix metalloproteinases 2 and 9). Matrix metallo-
proteinases (MMPs) may be more active in STR/ort tibial
cartilage than in the CBA strain43, but this would not explain
the very low level of Col112 transcripts in this tissue.
The lack of expression of Col21 and the detection of
Col101 transcripts in articular cartilage of old skeletally
mature CBA mice is in broad agreement with other studies
on normal mice14 and studies of normal human carti-
lage44,45. However, it was surprising that osteoarthritic tibial
articular cartilage from old STR/ort mice also had no
detectable Col21 mRNA. Type IIA procollagen, the chon-
droprogenitor splice variant of the gene COL2A1, is com-
monly expressed in human OA cartilage and in animal
models of OA45,46. Our Col21 probe would have detected
the mRNA for this splice variant. However, Col21 tran-
scripts were detected in areas of joint remodeling in old
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joint remodeling in old mice. (a) Col101 expression in the patella
femoral articulation in a 37-week STR/ort mouse is representative
of old mice. Col21 and Agc were expressed in a similar pattern in
old STR/ort and CBA mice. (b) Col21 expression in an area of
joint remodeling in 37-week STR/ort mouse. No activity was seen
in the articular cartilage (AC). Similar gene expression patterns
were seen in remodeling areas for Col21, Col101, Col112 and
Agc in all old STR/ort mice. Dark field illumination. Original
magnification ×50. AC=articular cartilage; M=meniscus; RM=area
of remodeling; F=femur; P=patella.STR/ort mice. These areas resemble human osteophytes
which have been shown to express collagen II20. Col21
transcripts were also seen in the hyaline cartilage of the
patella–femoral articulation of both young and old CBA and
STR/ort mice suggesting that regulation of collagen II
transcription at this site is different from that in the tibial
plateaux.
Col101 was detected in both the medial and lateral tibial
cartilages of both young and old CBA mice. Col101 mRNA
was also present in both medial and lateral cartilages in
young STR/ort mice. However transcripts were only
detected in intact medial tibial cartilage in old STR/ort
animals. It may be that collagen gene activity is naturally
low in old STR mice and is only detected in the OA prone
medial cartilage due to increased transcription in an
attempt to maintain cartilage matrix integrity. Alternatively
altered joint mechanics in the STR/ort knee could lead to
changes in load on the lateral plateau which may affect the
expression of some genes. In any case once moderate
lesions occur in the cartilage, no further Col101 transcrip-
tion occurred in adjacent chondrocytes. These chondro-
cytes may become transcriptionally inactive withprogression of the disease. Other work in our laboratory
suggests that they are metabolically inactive and at least
some are apoptotic47.
Col101 expression was also detected in areas of joint
remodeling in STR/ort mice, as in human osteophytes20.
Surprisingly, Col101 transcripts were also detected
throughout the full depth of murine articular cartilage and
were not restricted to the cells of the calcified cartilage.
Type X collagen protein has a similar distribution. A pre-
vious report showed the presence of Col101 transcripts in
old murine cartilage tissue extracts but the localization of
message to discrete articular cartilage zones was not
determined14. In normal human cartilage Col101 tran-
scripts are only expressed in chondrocytes in calcifying
cartilage18. Moreover, it has been reported that Col101
transcripts were not detected in upper and middle zone
chondrocytes in human osteoarthritic cartilage, even
though collagen X protein was present48. The presence of
collagen X in the absence of mRNA may reflect a longer
stability of the protein.
In contrast to the transcription of collagens, aggrecan
gene activity was detected in all cartilaginous tissues of the
knee joint in both strains of mice and at all ages studied.
However, as with Col101, no aggrecan expression was
detected in chondrocytes immediately adjacent to OA
lesions. This is similar to the findings of Aigner et al.
who could not detect aggrecan mRNA in upper zone
chondrocytes of osteoarthritic human cartilage44.
Growth plate chondrocytes in the two strains of mice
studied had similar gene expression activities. In young
animals Col21 and Agc expression colocalized and was
detected in all zones of the growth plate whilst Col101 was
only detected in hypertrophic cells, as described by other
workers49. Col112 expression has previously been
reported to be present throughout the bovine growth
plate49, but we found that it was absent from the cells of the
hypertrophic zone in mice. However, Wai et al.33 have
shown reduced levels of Col112 in chondrocytes that
undergo the full extent of hypertrophic differentiation in
foetal mouse growth plate and similar findings were
reported for calcifying chondrocytes in rat growth plate50. In
old mice the growth plate remains open but becomes very
condensed and it is difficult to assign cells to different
zones. However, the cells present were seen to express
Col21, Col112 and Agc but not Col101 and this has not
been reported previously to our knowledge. Since both
CBA and STR/ort mice showed similar patterns of expres-
sion of the genes stdied it is unlikely that abnormalities in
the growth plate have a role in the development of OA in
the STR/ort mouse.
There is little information on the transcription of collagen
and aggrecan genes in ligamentous tissue of the knee joint.
We found expression of Col21 in the ligaments of both
young and old STR/ort and CBA mice. Although there
are no other reports of active transcription of Col21 in
ligament, collagen II protein has been detected by immuno-
histochemistry in the posterior cruciate ligament in
humans51, the medial collateral and anterior cruciate liga-
ments in steers52 and in developing rat knee joints53. We
also found expression of Col112 in ligament of young CBA
mice and in the 37-week-old STR/ort mouse and to our
knowledge this is the only report of transcription of this
collagen in ligamentous tissue. However, Visconti et al.52
have reported the presence of collagen XI protein in the
areas where the medial collateral and anterior cruciate
ligament attach to bone in the bovine stifle joint. Col101
transcripts were also found in the fibrocartilaginous area of
Osteoarthritis and Cartilage Vol. 10, No. 1 59old STR/ort and CBA mice. Collagen X has not previously
been reported in this tissue. However, since both old
STR/ort and old CBA mice express Col101 it is unlikely to
be involved in the development of OA but could be an
adaptation to ageing. It should be noted though that as with
collagen XI, collagen X protein has been detected at the
interface between ligaments and bone54,55. Agc mRNA
was also detected in ligaments of both young and old CBA
mice but only in old STR/ort mice. Although other proteo-
glycans have been reported in ligament56,57 to our knowl-
edge there are no reports of aggrecan being present.
However, aggrecan has been detected in bovine tendon58.
The observation that Agc mRNA was detected only in old
STR/ort mice could indicate an early difference in the
properties of the ligament which could have consequences
for the development of OA lesions.Acknowledgments
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